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ABSTRACT
Generally, chlorine gas has been liquefied by compressing it to 1.1 to 1.3 MPa and
thereafter by condensing it with cooling water. It is well known that reciprocating compressors
were widely used so far for this purpose. But there are some demerits in maintenance ,which
costs high and takes much time.
Hence the authors have been concentrated on developing a screw compressor for easy
maintenance, which features in using concentrated sulfuric acid as an injected lubricant. This
lubricant injection enables us to compress in a single stage with even a high compression ratio
and an outlet temperature lower than 55 oC.
In addition we paid much attention to a driving mechanism with a timing gear, mechanical
seals to separate from oil bearing parts, as well as structural materials(special high silica stainless
steal). This paper reports its performance data and operational experiences for a year.

1. INTRODUCTION
I t is well known that there are three ways for the liquefaction of chlorine gas as 1) low,
2)intermediate and 3)high pressure methods. The high pressure method is made by compressing
chlorine gas up to 1.1 to 1.3 MPa and by condensing it with cooling water, where the multi stage
reciprocating compressors are well used for that purpose.
Whereas a newly developed compressor is an oil free screw compressor with an injection
of concentrated sulfuric acid as lubricant that allows us to compress in a single stage with a high
compression ratio. In addition its throughput can be continuously and effectively controlled by a
provided slide valve. Since the screw compressor is superior in maintainability to that of
reciprocating, the compressor could be replaced from the reciprocating to the screw one.
An technological issue to be overcome is to separate between an oil bearing chamber and a
compressed chamber by using a mechanical seal, since the chlorine gas reacts to the lubricant oil.
Moreover the materials used for rotors and casing ( special high silica stainless steal) should be
resisted to corrosion.

I t was verified that the newly developed screw compressor well functioned. This paper
reports its performance and experiences for a year operation.
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2. SYSTEM DESIGN

2.1 Specification of the oil free screw compressor
The specification of the designed screw compressor is shown in Tablel, the structure in
Fig.1 to Fig.2, the schematic view in Fig.3 and the set up view of the compressor unit in Fig.4,
respective! y.
Table 1. The specification of the chlorine gas screw compressor.
Rotor diameter
Rotor length
Throughput
Internal volume ratio
Delivery pressure
Suction pressure
Lubricant
Structural material

255mm
280mm
800 to 1600 m3/h ( 1500 to 3000 rpm )
5.8
1.2 MPa
0.11 MPa
Concentrated sulfuric acid
Special high silica stainless steal

Fig. 1 The horizontal cross- sectional drawing of the oil free screw compressor.
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Fig. 2 The vertical cross- sectional drawing of the oil free screw compressor.

Fig. 3 The schematic view of the screw compressor.

Fifteenth International Compressor Engineering Conference at
Purdue University, West Lafayette, IN, USA- July 25-28, 2000

927

Fig. 4 The set up view of the screw compressor unit.

As shown in Fig.1 the gas compression space is separated from the oil bearing housing by
4 mechanical seals which are placed at the end of the rotors and also is separated from the
atmosphere. The screw compressor is thus designed so as to be oil free. The male rotor drives the
female by using a timing driving gear.
As for a capacity control a slide-valve is provided so that the volume flow can be
continuously adjusted in a wide range. In addition by using a rotational speed control the
throughput could be variable between 800 and 1600 m3/h.

2.2 Design features
The main features of the oil free screw compressor arc:
1) Concentrated sulfuric acid is adopted as a sealing liquid for the mechanical seals.
A lubricant oil can not be used, since the oil reacts to the chlorine gas.
2) Concentrated sulfuric acid is injected to a gas stream to prevent a gas leakage from the
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rotors and to absorb the heat of compression.
As you see that in a oil injected screw compressor, the male rotor drives the female through
an oil-film between the intermeshing profiles. Whereas in an oil free screw compressor, the
running clearance between the male and female rotors is maintained by timing gears.
Therefor the oil injection screw compressor is better than that of oil free in the view point of
sealing, lubricating and cooling effects. Here the gas compression space is injected with the
concentrated sulfuric acid to partially absorb the heat of compression and prevent premature
corrosion of structural materials. The delivery temperature is maintained below 60oC since
the rate of corrosion becomes remarkably faster to steals at larger than 60"C.
3) Special corrosion resisted high silica stainless steals are adopted to the rotors and casing
materials. The materials used for this purpose should be corrosion-resisting to the chlorine
gas and sulfuric acid. They have a high resistance to the stress induced corrosion and in
case of corrosion takes place an overall surface corrosion.
4) The rotors are driven by timing gears.
As mentioned in 2) the sulfuric acid injection can not expect sufficient lubricating effect, so
that the running clearance between the male and female rotors is maintained by timing gears
to prevent from sticking due to a crevice corrosion, especially for the period of shut down of
the operation.

2.3 Mechanical seals
In case of the conventional screw compressors, lubricant oil penetrates into the
compression space from the bearing housing, whereas the oil free screw compressor should be
made so as to be separate completely between the intermeshing profiles and bearing housing by
using a static double seal type of mechanical seals as shown in Fig.5.
A shaft seal inside the compressor is made by the concentrated sulfuric acid ,and the
sealing liquid is always leaking into the chlorine gas side. Therefor on the delivery side the
pressure near at the sliding surface becomes the same as the suction pressure during operation.
While on the atomosphere side a shaft sealing is accomplished by the oil seal and labyrinths. The
oil seal pressure is maintained larger than the atmosphere. In addition the lubricating oil will not
mix with the concentrated sulfuric acid by injecting dry air and by doing so the leakage of oil
and liquid seal will not mixed each other.
Main features of the mechanical seal is:
1) Ceramic pair for sliding materials is used.
2) The pressure inside the compressor gets to be higher than the liquid seal pressure at shut
down, so as to generate a closed force to the seals.
3) Teflon V rings with a ceramic coating are selected instead of 0 rings, taking into
consideration of corrosion and also the reverse pressure effect.
4) A bypass filter line is provided for filtering sulfide(iron sulfide) to the sulfuric acid feed line
to prevent from accumulation in spring and V ring parts.
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Fig. 5 The cross-sectional drawing of the mechanical seal.

Table 2 Typical operational data.

Suction pressure MPa
Delivery pressure MPa
Suction temperature "C
Delivery temperature oC
Rotational speed rpm
Throughput m 3/h
Shaft power kW
Isothermal efficiency
Operating hours

Measurement
0.103
1.3
33
50

2999
1206
247.6
0.35
7800

Design value
0.11
1.2
20
60
3000
1260
250

2 4 Performance
Table 2 shows the typical operational data. Notice that the delivery temperature is 50 oC
lower than 60'C and the power consumption is less than the specified value of 250 kW. Though
the isothermal efficiency is rather low. This is considered to be due to much quantities of sulfuric
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acid flow rates to decrease the delivery temperature.
The continuous running time reached to now 7,800 hours, during which there were no
failures to demonstrate a stable operation.

CONCLUSIONS
The following conclusions were obtained through the operational experiences.
1) It was verified that the developed oil screw compressor well functioned and demonstrated a
stable operation of 7800 hours.
2) The capacity control for a wide range using a slide-valve and rotational control was found
to be superior to the bypass control of the conventional reciprocating compressors.
3) The operational controllability contributed to the reduction of operators.
4) An isothermal efficiency obtained 0.35.
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